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Abstract
Purpose This study aims to assess the clinical relevance of
postoperative arterial blood lactate (LAC) level as a prog-
nostic factor in patients with colorectal perforation.
Methods Forty-two patients (22 males, 20 females; mean
age, 70.8 years) underwent emergency surgery for colorectal
perforation. The patients were divided into mortality and
survivor groups. As a prognostic scoring system, Acute
Physiological and Chronic Health Evaluation II (APACHE-
II), Sequential Organ Failure Assessment (SOFA), and
Systemic Inflammatory Response Syndrome criteria were
calculated. These scores, postoperative LAC level, and other
data, including site and etiology of perforation, elapsed time
from onset to surgery (eTIME), preoperative white blood cell
(WBC) and platelet counts, preoperative C-reactive protein
(CRP), and preoperative arterial blood base excess were
assessed between the groups.
Results The total mortality rate was 33.3 %. On univariate
analysis, the APACHE-II and SOFA scores were significantly
higher, and eTIME was significantly longer in the mortality
group than in the survivor group. The postoperative LAC level
was significantly higher in themortality group (43.1±14.1mg/dl)
than in the survivor group (23.8±12.7 mg/dl; p<0.001), and the
preoperativeWBCwas significantly lower in themortality group
than in the survivor group. Multivariate logistic regression anal-
ysis using the mortality risk factors determined by univariate
analysis (eTIME, APACHE-II score, SOFA score, preoperative
WBC count, and postoperative LAC) demonstrated that postop-
erative LAC level was an independent risk factor for mortality.
Conclusions High postoperative LAC level was a useful
factor for predicting high mortality rate in patients with
colorectal perforation.
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Introduction
Colorectal perforation is a major life-threatening condition
with high morbidity and mortality. This condition is respon-
sible for generalized fecal peritonitis that can lead to septic
shock, disseminated intravascular coagulation, and multiple
organ failure. Clinically, evaluating the severity in patients
with colorectal perforation and determining prognostic in-
dicators is desirable to reduce the high mortality rate. There
are many predictive scoring systems that show severity of
serious illnesses, such as the Acute Physiological and
Chronic Health Evaluation II (APACHE-II) [1], Sequential
Organ Failure Assessment (SOFA) [2], and Physiological
and Operative Severity Score for the enUmeration of
Mortality and Morbidity [3]. Some studies have demonstrat-
ed that these scoring systems indicate the prognosis of pa-
tients with colorectal perforation, although there is no con-
sensus. Furthermore, these scoring systems do not consider
the arterial blood lactate (LAC) level, which predicts the
poor prognosis of critically ill patients [4]. The blood LAC
level increases in response to tissue hypoxia, and this level is
currently used to monitor shock management [5–7].
Therefore, we reviewed our clinical experience with surgical
and intensive treatment of colorectal perforation and retro-
spectively assessed the clinical relevance of postoperative
arterial blood LAC level as a prognostic factor in patients
with colorectal perforation.
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Materials and methods
Between 1998 and 2011, a 13-year period, 42 patients (22
males, 20 females; mean age, 70.8 years) underwent surgery
for colorectal perforation at the Department of Surgery,
Ibaraki Medical Center, Tokyo Medical University. The
patients were divided into mortality and survivor groups.
Patient medical records were reviewed, and clinical data,
such as sex, age, site and etiology of perforation, elapsed
time from onset to surgery (eTIME), preoperative white
blood cell (WBC) and platelet counts, preoperative C-
reactive protein (CRP), preoperative arterial blood base
excess (BE), and postoperative arterial blood LAC level,
were collected. The postoperative LAC level was measured
at the end of the operation; the APACHE-II score, SOFA
score, and Systemic Inflammatory Response Syndrome
(SIRS) criteria [8] were calculated postoperatively and com-
pared between the mortality and survivor groups.
When appropriate, the data were presented as mean ±
SD. Stat Mate IV (ATMS Co. Ltd., Japan) was used to
perform statistical analysis. The Mann Whitney U test and
the Pearson product–moment correlation coefficient were
used to evaluate the correlations between variables in uni-
variate analysis, and a logistic regression model was used to
perform multivariate analysis. p values <0.05 were consid-
ered statistically significant in all tests.
Results
The average age of the patients was 70.8±12.2 years (range,
39–90 years). The perforation sites were the rectum (n=5),
sigmoid colon (n=21), transverse colon (n=7), ascending
colon (n=3), cecum (n=4), and appendix (n=2). The oper-
ative procedures were Hartmann’s operation (n=22), colos-
tomy (n=9), right hemicolectomy (n=3), ileocecal resection
(n=2), transverse colectomy (n=2), direct closure (n=2),
and appendectomy (n=2).
The total postoperative mortality rate was 33.3 % (14
patients). Table 1 summarizes the preoperative clinical data
and the APACHE-II score, SOFA score, and SIRS criteria for
the mortality and survivor groups. The eTIME was signifi-
cantly longer in the mortality group (49.9±63.9 h) than in the
survivor group (21.9±23.4 h; p<0.05), and the mortality rate
in the patients with eTIME >12 h was 71.4 % (10 patients).
The APACHE-II and SOFA scores were significantly higher
in the mortality group than in the survivor group (21.2±7.69
vs. 13.6±5.16, p<0.005; 9.1±2.8 vs. 5.6±3.0, p<0.002,
respectively). Mortality was higher for the left-side colon
perforation, including the descending colon to rectum, than
for the right-side colon site, including the appendix to trans-
verse colon (38.5 vs. 25.0 %, respectively), but the difference
was not statistically significant. There were no statistically
significant differences in the mortality rate between age,
gender, site, and etiology of perforation (Table 1).
Table 2 presents a comparison of the preoperative labora-
tory data, including WBC and platelet counts, CRP level, BE
level, and postoperative LAC level between the mortality
and survivor groups. The mortality rate was higher in the
patients with preoperative WBC count <4,000/μl than in
those with preoperative WBC count ≥4,000/μl (52.9 vs.
20.0 %, respectively; p<0.05). The postoperative LAC level
was significantly higher in the mortality group than in the
survivor group (43.1±14.1 vs. 23.8±12.7 mg/dl, respective-
ly; p<0.001). There were no statistically significant differ-
ences in the mortality rate between the preoperative platelet
count, CRP levels, and BE levels (Table 2).
Multivariate logistic regression analysis using the mortal-
ity risk factors determined by univariate analysis (eTIME,
APACHE-II score, SOFA score, preoperative WBC count,
and postoperative LAC level) showed that the postoperative
LAC level was an independent risk factor for mortality in the
patients with colorectal perforation (odds ratio, 1.104; 95 %
confidence interval, 1.006–1.214; p=0.037) (Table 3).
Figure 1 shows statistical regression line between the post-
operative LAC levels and total mortality rate, and there was a
statistically significant correlation between them (p<0.001)
Table 1 Clinical data between mortality and survivor groups
Mortality (n=14) Survivors (n=28) p valuea
Age 74.6±9.4 68.7±13.2 n.s.
Male gender 7 15 n.s.
Perforation site n.s.
Right side 4 (25.0 %) 12 (75.0 %)








eTIME (h) 49.9±63.9 21.9±23.4 <0.05
<12 4 (14.3 %) 24 (85.7 %)
≥12 10 (71.4 %) 4 (28.6 %)
APACHE-II score 21.2±7.69 13.6±5.16 <0.005
SOFA score 9.1±2.8 5.6±3.0 <0.002
SIRS criteria 1.86±1.03 1.68±1.12 n.s.
eTIME elapsed time from onset to surgery, APACHE-II Acute Physio-
logical and Chronic Health Evaluation II, SOFA Sequential Organ
Failure Assessment, SIRS systemic inflammatory response syndrome,
n.s., not significant
a The Mann–Whitney U test was applied
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(Fig. 1). The regression line could be used to predict the total
mortality rate from the postoperative LAC level.
Discussion
The frequency of colorectal perforation is lower than
that of upper gastrointestinal tract perforation, but its
mortality rate is as high as 15–30 % [9–12]. Colorectal perfo-
ration rapidly leads to diffuse peritonitis and septic shock due
to the presence of large amounts of gram-negative bacilli in
intestinal fluid and causes multiple organ failure and acute
circulatory failure due to the release of chemical mediators
such as endotoxins and inflammatory cytokines interleukin
(IL)-1 and IL-6. Therefore, to improve the prognosis of colo-
rectal perforation, it is important to accurately determine the
status of peritonitis, the severity of the pathological condition,
and any prognostic factors. Several reports have investigated
on the prognostic factors for colorectal perforation. Our study
suggests that a longer elapsed time from onset to surgery
increases the mortality rate and strongly emphasizes the im-
portance of early diagnosis and treatment for improving the
survival rate. The mortality rate was high in patients with
preoperative WBC counts of <4,000/μl. In general, decreased
WBC count is observed in cases where long durations of time
have elapsed following the onset of peritonitis and when basic
immune function is compromised because of aging [9, 13].
These conditions involve utilization of a high number of
leukocytes as a biological reaction to severe inflammation.
No statistically significant differences were found between
different perforation sites, although the mortality rate tended
to be higher in perforations located on the left side of the colon
than those on the right side of the colon. This was considered
to be due to localized differences in the bacterial colonies and
amount of bacteria in the colon.
APACHE-II and SOFA scores have been proposed as
prognostic predictors in severe illnesses. APACHE-II scores
are used as an index for patient severity assessments when
they are admitted to the intensive care unit. SOFA scores
quantify the degree of organ failure and determine the
mortality rate on the basis of six items, including the respi-
ratory, coagulation, cardiovascular, and central nervous sys-
tems as well as renal and hepatic functions. Whether these
scores are prognostic predictors for colorectal perforation is
debatable. Horiuchi et al. [14] reported on the usefulness of
APACHE-II scores as a prognostic predictor in that signifi-
cantly high scores were related to the mortality rate of pa-
tients with colorectal perforation. In addition, Komatsu et al.
[9] reported that the mortality rate was significantly higher
for patients with APACHE-II scores of ≥19 or SOFA scores
of ≥8. In this study, we focused on the APACHE-II and
SOFA scoring systems and SIRS criteria. When mortality
and survivor groups of patients with colorectal perforation
were compared, a relationship between APACHE-II and
SOFA scores and mortality rate was observed using univar-
iate analysis. The SIRS criteria assess the four items of body
temperature, heart rate, respiratory status, and leukocyte
count. These items indicate the extent of the body’s immune
response to infection and are mainly used for assessing septic
shock. Colorectal perforation progresses to sepsis early be-
cause of the pathological condition; therefore, we suspected
that the SIRS criteria and mortality rate may be associated,
although this association could not be established. The SIRS
criteria are used to assess septic shock, but do not reflect
Table 2 Preoperative and post-
operative laboratory data be-
tween mortality and survivor
groups
WBC white blood cell, CRP C-
reactive protein, BE base excess,
LAC lactate, n.s. not significant
a The Mann–Whitney U test was
applied
Mortality (n=14) Survivors (n=28) p valuea
Preoperative WBC count (per μl) <0.05
<4,000 52.9 % (n=9) 47.1 % (n=8)
≥4,000 20.0 % (n=5) 80.0 % (n=20)
Preoperative platelet count (×104/μl) 28.4±7.4 29.3±8.5 n.s.
Preoperative CRP (mg/dl) 9.23±3.73 8.26±4.35 n.s.
Preoperative BE −4.57±5.94 −0.59±4.19 n.s.
Postoperative LAC (mg/dl) 43.1±14.1 23.8±12.7 <0.001
Table 3 Multivariate analysis of the independent risk factors for
mortality
Variables Odds ratio 95 % Confidence interval p valuea
eTIME 1.028 0.988–1.069 ns (0.169)
APACHE-II score 1.046 0.863–1.267 ns (0.645)
SOFA score 1.122 0.767–1.642 ns (0.551)
Preoperative WBC 0.999 0.999–1.000 ns (0.754)
Postoperative LAC 1.104 1.006–1.214 0.037
eTIME elapsed time from onset to surgery, APACHE-II Acute Physio-
logical and Chronic Health Evaluation II, SOFA Sequential Organ
Failure Assessment, WBC white blood cell, LAC lactate, ns not
significant
aMultivariate logistic regression was applied
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pathological changes such as organ failure and acute circu-
latory failure that occur later. This probably explains why we
could not establish an association between the SIRS criteria
and mortality rate.
In this study, we also focused on arterial blood LAC
levels and examined its usefulness as a prognostic factor
for patients with colorectal perforation. LAC levels are
not included in the current severity assessment scoring
systems, including APACHE-II and SOFA, and there
have been no reports on possible relationships between
the prognosis of patients with colorectal perforation and
their LAC levels. LAC levels reflect organ failure due
to lack of tissue oxygenation [15]. In the clinical set-
ting, patients with severe illnesses have high LAC
levels. LAC levels are used for the prognostic assess-
ment of septic shock and acute respiratory distress syn-
drome and are useful for determining the therapeutic
outcomes and changes in pathological conditions [6,
16, 17]. In recent years, there have been reports on
the use of LAC level as a prognostic factor for high
technical surgery, particularly cardiovascular surgery
[18–20]. Based on these reports, we speculated that
LAC levels could be used as a prognostic factor for
patients with colorectal perforation that rapidly causes
sepsis. In this study, we found that the mortality rate
was high among patients with high postoperative LAC
level on univariate analysis. Furthermore, in a multivar-
iate analysis using the mortality risk factors determined
by univariate analysis, LAC level was an independent
risk factor of mortality. Although the odds ratio for
postoperative LAC levels was low, these results sug-
gested that predicting the postoperative mortality rate
based on the LAC levels immediately after surgery
was possible using the regression line obtained. LAC
level was an independent risk factor in our multivariate
analysis as opposed to the APACHE-II and SOFA scores
because the APACHE-II scores incorporate an assess-
ment item for acidosis, but not for LAC levels.
Moreover, the SOFA scores incorporate an assessment
item for organ failure, but do not include one for
acidosis. Gunnerson et al. [21] reported that acidosis
caused by elevated LAC levels has been associated with
high mortality than acidosis due to other underlying
causes in severe illness. Therefore, in severe illness
such as colorectal perforation, assessing LAC levels is
important. LAC level is an easily measurable marker of
decreased peripheral perfusion. Whether preoperative
LAC levels or postoperative LAC levels reflect the
prognosis of patients with colorectal perforation remains
debatable. In this study, we examined LAC levels im-
mediately after surgery, taking into account surgical
stress, and LAC levels were not measured during the
preoperative examination of colorectal perforation dur-
ing this study period. Taking the results of our study
into account, we have begun measuring preoperative
LAC levels and are investigating their usefulness as a
prognostic factor.
Conclusion
To reduce the high mortality of colorectal perforation, it is
essential to make an early diagnosis and to have surgery as
soon as possible. The postoperative arterial blood lactate
level is a useful factor for predicting high mortality rate in
patients with colorectal perforation.
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Fig. 1 Statistical regression line
between the postoperative LAC
levels and total mortality rate
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